During the ZaïRov2 cruise of the ZaïAngo project (1998)(1999)(2000) on the passive Congo-Angola margin, several gravity cores were analyzed for helium isotopic composition of sedimentary pore waters in two cold fluid seepage zones: the Astrid slide area and the Regab giant pockmark. Gas concentration and isotopic composition are presented along with thermal data in terms of the origin and circulation of fluids. Helium isotope data lie on a mixing line between bottom seawater and an almost pure radiogenic. Helium and temperature vertical profiles are well described by the classic diffusionadvection equation. On the basis of He profiles, we estimate the advection rate on the rim of the pockmark between 1.2 and 2.3 mm/a. The He flux derived for a pure diffusive regime (2.4 × 10 −8 mol/m 2 /a) can favorably be compared to literature data and contrasts with the flux computed close to the pockmark center (1.9 × 10 −7 mol/m 2 /a). Helium depth profiles turned to be more sensitive to advection rate than temperature profiles are.
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The sedimentary series of the Congo-Angola basin show three main units, which correlate with three tectonic phases (Marton et al., 2000) : pre-rift continental deposits (Jurassic), syn-rift lacustrine deposits (early Cretaceous) and post-rift marine deposits (Aptian to present). Following a large accumulation of evaporites during the Aptian, the post-rift stratigraphy is characterized by an aggradation of a carbonate/siliclastic ramp from Albian to Eocene, a truncation by a major erosional unconformity at Oligocene and the progradation of a terrigenous wedge from Miocene to present (Séranne et al., 1992) . This switch in marine succession was initiated independently from any tectonic forcing and can be explained by the transition from a greenhouse to an "ice-house" period. During the icehouse period, high-frequency sea-level changes and an alternating drier and wetter climate enhanced continental weathering (Séranne et al., 1999) . The increased terrigenous input to the margin has led to the formation of the Zaïre system, a large turbiditic submarine fan directly fed by the Zaïre River and characterized by numerous turbiditic paleochannels. It extends from the base of the slope (at about 2000 m depth) to the Angola abyssal plain with a water depth of at least 5000 m, representing a total length of about 800 km (Droz et al., 2003) .
The location of the Regab and Astrid sites is shown in Figure 2 . Regab is an active giant pockmark, located at 3160 m depth in the abyssal domain less than 10 km north of the channel system of the Zaïre fan. The large size of the pockmark, 800 m wide and 20 m deep on average, results from the collapse of a cluster of several smaller pockmarks (Ondréas et al., 2005) . Gas hydrate outcrops are present on the seabed. A massive hydrate layer was also observed at 12 m below the seafloor in one core (Charlou et al., 2004) . Astrid is located at 2820 m depth in the Zaïre deep-sea fan 80 km north of the channel system. It corresponds to a gravity slide area where a cluster of pockmarks is observed. Whereas
Regab is in the oceanic domain, Astrid is in the transitional domain of the margin (Fig. 1 ).
According to the seismic velocity profiles of Contrucci et al. (2004) and Moulin and al. (2005) , Regab is on top of 6 km of sediment and 6 km of oceanic crust while Astrid is on top of 9-10 km of sediment and 6 km of transitional crust. 
Core locations
Four Küllenberg cores equipped with 9 thermistors out-rigged onto the piston corer (Harmegnies and Landuré 2003) were taken for gas sampling : one in the Astrid area, KZR-33 (13.65 m long), and three in the Regab area : KZR-37 (13.09 m long), KZR-38 (13.74 m long), and KZR-40 (11.93 m long). The Astrid core is located on a gravity slide headscarp.
In the Regab area, KZR-37 and KZR-38 cores are located outside the pockmark, respectively at 2 km and 1 km west of the centre, whereas KZR-40 stands inside the pockmark at the western edge (Fig. 3) . Core recovery at the centre of the pockmark was impossible due to soft sediments falling through the core catcher.
Helium isotopes
Sampling was carried out immediately following the core retrieval and its cutting into 1 m long segments, and was done prior to any other core manipulation to minimize potential gas loss and atmospheric contamination. The principle of the sampling technique was to use copper tubes (1.2 cm OD, 25 cm in length) equipped with a small piston to take mini-cores at both ends of each segment. The copper tube was tightly sealed with metallic clamps. Back in the laboratory, each copper tube was placed on a vacuum line and sediment was transferred into a glass bulb by applying pressurized degassed (helium-free) water at one end of the tube. Helium was then extracted from the sediment slurry using a standard method developed for water samples and analysed by mass spectrometry with a MAP 215-50 spectrometer (Jean-Baptiste et al., 1992) . The extraction blank is typically 1% of the total helium signal. The 2-sigma uncertainty in the   122   123   124   125   126   127   128   129   130   131   132   133   134   135   136   137   138   139   140   141   142   143   144   145   146   3 He/ 4 He ratio is about 3%. For helium concentrations, error bars are indicated in Table 1 . Full details of the sampling method and analytical procedure are available in Chaduteau et al., 2007. 
Temperature profiles
Temperature profiles and heat flow determinations were obtained on all studied cores.
Temperature was measured with a single-penetration probe equipped with 9 thermistors.
Conductivities were measured onboard the ship using a needle probe technique (Von Herzen and Maxwell, 1959 ) with a typical spacing of ~ 20 cm. Heat flow was determined as the product of thermal conductivity and temperature gradient following the Bullard method (Harmegnies and Landuré, 2003) .
Dating of sediments
KZR-33, KZR-37 and KZR-40 cores were run through an Avaatech X-ray fluorescence (XRF) Core Scanner (Richter et al., 2006) 
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Helium concentration and isotopic ratio
Helium isotope results are displayed in For most samples, the correction made to 4 He concentrations is small (between 0.5 and 2% -see Table 1 ).
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He is more sensitive to any added air component (see Table 1) 2004 -is consistent with our own measurements for Astrid and Regab located in the transitional and oceanic domains respectively. These regional variations can be explained by a combination of in-situ heat production in the crust and mantle heat flow : the heat production decreases offshore and is negligible in the oceanic domain whereas mantle heat flow increases at the continent edge (Guillou-Frottier and Jaupart, 1995; Lucazeau et al., 2004 ).
Age model -accumulation rates
Knowledge of the sedimentation rate is a key point in order to model fluxes. Calcium records obtained by XRF are presented in Fig. 6a along with calibrated 14 C ages of the Ca peaks. Comparison of the KZR-33 and KZR-37 profiles suggests that about 1 meter of sediment is missing on top of core KZR-33, likely due to some landslide. Conversion of radiocarbon ages to calendar ages was done using Intcal04 (Hughen et al., 2004) . Beyond 26 cal ka BP, we relied on the new marine-derived 14 C calibration of Hughen et al. (2006) which extends the calibration to ∼50 ka. The age results versus depth are plotted in Fig. 6b .
Taking into account the one meter that has been lost on top of KZR-33, sedimentation appears to be homogeneous over the whole area. The Holocene (13.5±1.5 cm/ka) and Glacial (17±2.5 cm/ka) accumulation rates are within the uncertainty of each other, and we conclude that the accumulation rate is approximately 16±4 cm/ka over the whole period studied. This accumulation rate is typical of the entire period back to early Pliocene (∼ 5 Ma) during which about 700 m of sediment were deposited in this area (Gay et al., 2006a) . the Nankai Trough and the Japan Trench by Sano and Wakita (1985) .
Fluid circulation and advection rates
Two-dimensional high resolution seismic profiles across the pockmark reveal a 300 m chimney-like feature (Fig. 8) interpreted as an ascending movement of fluids (Ondreas et al., 2005) . On the lower slope of the Congo basin, Gay et al. (2006a) noted that a sinuous belt of pockmarks mimics the meanders of a buried paleo-channel which could act as a drain for interstitial fluids. In the Regab pockmark indeed, the chimney imaged by the seismic data branches on an ancient buried channel levee system (Gay et al., 2006b) . This analytical solution requires a constant porosity and tortuosity. In the studied zone, the variation of these parameters with depth is unknown. To estimate this effect, we ran a finite-difference numerical simulation with conservative estimates for these parameters (Briggs et al. 1998; Bahr et al. 2001) . A comparison of the results indicates that the analytical solution may overestimate the calculated advection rate by 15% at most.
To determine the He concentration in the paleo-channel reservoir at H = 300 m (C deep ), we assume a negligible advection for the KZR37 core, which leads to a concentration at depth of 2.1×10 -6 ccSTP (9.4x10 -11 mol) per cm 3 of bulk sediment. The best fit with the KZR40 helium profile is then obtained for a V/D value of 2.6×10 -2 m -1 (see Fig. 7 ). The effective diffusion coefficient D is lower than the diffusion coefficient in free water (D 0 ∼ 5×10 -9 m 2 /s - Jähne et al. 1987) due to the tortuosity of the bulk sediment. Traditionally, D is linked to D 0 by the relation D=D 0 /(nF), where F is the "formation factor", in the range 1.3 to 3 for deep-sea sediments (Boyce, 1967) . In diffusion experiments on several deep-sea sediments, Ohsumi and Horibe (1984) Hence, helium is clearly a more sensitive tracer of fluid movements in the sediment column.
The KZR-33 helium profile, located in the Astrid zone, lies in an intermediate position (Fig. 7) . Whether this profile is influenced by advection (since the Astrid site is a cluster of pockmarks) or by a higher flux linked to the greater heat flux from the continental crust due to its geographical position closer to the continental domain is difficult to say. As a matter of fact we lack the appropriate geophysical data to set realistic lower boundary conditions that would allow us to test both hypothesis.
Conclusions
We measured helium and methane vertical concentration profiles in sediment porewaters from two cold fluid seepage zones of the Congo-Angola margin : the Astrid slide area and the Regab giant pockmark. For helium, we used a new method for gas sampling and recovery which avoids the long-standing gas loss and/or air contamination problems -Helium isotopes data lie on a mixing line between bottom seawater and a radiogenic,
showing that the helium signature is overprinted by the 4 He production from U/Th radioactive decay in the sediment column and underlying crust.
-Helium and temperature vertical profiles are well described by the classic steady-state diffusion-advection equation. In the Regab zone where three different cores could be compared, helium profiles show increasing advection rates towards the centre of the pockmark For core KZR40 located inside the pockmark, we calculate an advection rate in the range 1.2-2.3 mm/a.
-The derived He flux is 2.4 x 10 -8 mol/m 2 /a for the pure diffusive regime (KZR37) wich is in good agreement with both estimations computed from He production rate (Torgersen, 1989) and from experimental measurements (Barnes and Bieri, 1976; Wakita, 1987, Well et al, 2001) . For the core closest to the pockmark center (KZR40), the flux is estimated to 1.9 x 10 -7 mol/m 2 /a, an order of magnitude higher than for KZR37, illustrating the focusing effect of the pockmark.
-Comparison between helium and thermal profiles shows that helium is a far more sensitive tracer of water movements than temperature. Trough and the Japan Trench , from the Ontong-Java plateau and
Chatham Rise , from the Escabana Trough (Ishibashi et al., 2002) and from different ODP sites in the Pacific and the Atlantic (Barnes and Clarke, 1987) are shown for comparison. For Sano and Wakita (1985) and Wakita et al (1985) for which only 
